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Effect of Ni tra te  E s t e r s  of A n d r o g e n  S t e r o i d s  on the Succ inate  O x i d a s e  and N A D H - C y t o c h r o m e  C 
R e d u c t a s e  Act iv i ty  of I so la ted  Rat  Liver  M i t o c h o n d r i a  

In  parallel  w i th  the  b iochemical  and  physiological  
deve lopment ,  there  has  been  an enormous  expans ion  of 
in teres t  in the  synthes is  and biological tes t ing  of sub- 
s tances  re la ted  to  the  na tu ra l ly  occurr ing s teroid  hor- 
mones.  This ac t iv i ty  has yielded a large n u m b e r  of 
s teroids  and  re la ted  c o m p o u n d s  which  mimic  the  biolog- 
ical ac t iv i ty  of the  na tu ra l  ho rmones  or ac t  as antagonis ts .  

R e c e n t l y  in our laborator ies  some n i t r a t e  esters  of 
androgens  were ob ta ined ;  b u t  we did no t  f ind in the  
l i te ra ture  any  d a t a  concerning the i r  b iochemical  effects.  
Our d a t a  would have  grea t  significance for biology and 
medicine ~. 

In  t he  p resen t  s tudy ,  t he  effect  of t e s tos te rone  (T), 
tes tos terone-ni t ra te  (TN), 5a-androstane-17fi-ol-3:one (A), Steroid 
5~-androstane-17fl -ol-3-one n i t r a t e  (AN), 5ct-androstane-  
3~-o1-17-one (B) and  5e-andros tane-3a-o l -17-one  n i t r a t e  
(BN) on the  succinate  oxidase  and  N A D H - c y t o c h r o m e  c Control 
reduc tase  (SuOx respect ive ly  NCCR) ac t iv i ty  of isolated D 
r a t  l iver mi tochondr i a  was inves t iga ted .  T 

Mate~,ials and method. 168 adu l t  whi te  male  rats ,  TN 
weighing 150+ 10 g were used. Liver  mi tochondr i a  frac- A 
t ions  were p repa red  according to  the  m e t h o d  of HOSE- AN 

B 
BOOM and SCHNEIDER ~. Mi toehondr ia  ob ta ined  were re- BN 
suspended  in 0 .33M sucrose solut ion and were used for 
t he  de t e rmina t i on  of SuOx and  NCCR ac t iv i ty  8, 4. NCCR 
ac t iv i ty  was measured  by  using the  ' f rozen- thawed '  
mi tochondr ia l  p r epa ra t i on  to  faci l i ta te  t h e  p e r m e a t i o n  
of N A D H  5. Mi tochondr ia l  p ro te in  concen t ra t ion  was  
de t e rmined  by  b iure t  m e t h o d  �9 3-deoxychola te  as 
de tergent .  The steroids used were  dissolved in d ie thy len-  
glycol (D) and added  di rec t ly  to the  incuba t ion  medium.  

Results. Androgen  s teroids  and the i r  n i t r a t e  esters 
ac ted  on the  SuOx ac t iv i ty ,  in final concen t ra t ion  10-5 M/l ,  
according to Figure 1. I t  can  be seen t h a t  T and  A 
s teroids  had  a s t imu la to ry  effect  on the  S u O x  act iv i ty ,  
b u t  the i r  n i t r a t e  esters  decreased th is  enzyme act iv i ty .  
Subs tance  B had  no effect  on the  SuOx act iv i ty ,  b u t  its 
n i t r a t e  ester  inh ib i ted  th is  enzyme  very  signif icantly.  

The effect  of T on the  NCCR ac t iv i ty  of l iver mi to-  
chondr ia  is a l inear s t imu la to ry  one, be tween  1.5 • 10 -6 
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Fig. 1. Action of T, A, B and TN, AN, BN in D solution, and solvent  
D alone on the SuOx activity of isolated intact rat liver mito- 
chondria incubated in a mixture containing 15 mM potassium 
phosphate buffer (pH 7.4), 1 mM EDTA, 0.15M sucrose, 30mM 
succinate potassium salt and 90 Fg cytoebromne c. Final volume 2 ml. 
The results obtained are expressed by oxygen consumption in 
microatoms of oxygen per 25 mg mitoehondrial proteins. The 
significance of the differences (p < 0.01) is marked by an asterisk. 

and  1.2• 10-SM/1 concen t ra t ion  range (Figure 2), b u t  
an inhib i ted  NCCR ac t iv i ty  was observed at  h igher  
doses of T. TN decreased the  NCCR ac t iv i ty  in high 
concent ra t ions .  F r o m  the  Table  i t  is a p p a r e n t  t h a t  
s teroids used in 6 x  10 .6 M/I  concen t ra t ion  had  a com- 
parab le  effect  w i th  those  of T. The effect  of T and  A 
was a s t imula to ry  one (about  50%) and  t h a t  of B an 
inh ib i to ry  effect  (31%). Steroid n i t r a t e  esters, excep t ly  

Effect of androgen steroids and their nitrate esters on the NCCR 
activity of isolated 'frozen-thawed' rat liver mitochondria 

No. of NAD + ls 4- % 
expert2 per mg protein against 
ments 4- S.E. control 

20 9.4 4- 0.8 - - 
12 8.3 4- 0.8 -- 11 > 0.05 
16 14.5 4- 0.9 + 52 % 0.01 
16 7.5 4- 0.6 --  20 % 0.1 
16 14.2 4- 1.3 + 51 < 0.01 
16 10.1 4- 0.8 + 8 > 0.05 
14 6.5 • 0.8 -- 31 < 0.02 
14 5.8 4- 0.9 -- 38 < 0.01 

Concentration used: 6 • 10 ~MI1 in solvent D. 
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Fig, 2. Act ion of T and TN depending on the concentration on the 
NCCR act iv i ty  of isolated 'frozen-thawed' rat  l iver  mitoehondria, 
The results obtained are expressed in [xM NAD+ per 1 min and 1 mg 
protein. The significance of the differences is calculated against 
control values. 
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AN, decreased  s ign i f i can t ly  the  NCCR a c t i v i t y  of l iver  
m i t o c h o n d r i a .  The  so lven t  D h a d  no effect  on t h e  n~Ato- 
chondr i a l  enzymes .  

Discussion. E v i d e n c e  is now a c c u m u l a t i n g  t h a t  t he re  
is a n  increase  in t h e  r a t e  of ene rgy  m e t a b o l i s m  of t h e  
l iver  cell u p o n  s t i m u l a t i o n  b y  and rogen  steroids,  a n d  t h a t  
th i s  is ref lec ted  in c o n c o m i t a n t  increase  in t he  b i o s yn the t i c  
ac t iv i t i e s  of l iver  s, 7. A b o u t  t h e  ac t ion  of and rogens  u p o n  
t h e  m i t o c h o n d r i a l  e lec t ron  tro~nsport sys tems ,  we k n o w  
v e r y  l i t t le .  Our  ea r ly  e x p e r i m e n t s  revea led  a t e s tos t e rone-  
i nduced  increase  of oxygen  c o n s u m p t i o n  a n d  of succ ina te  
ox idase  a c t i v i t y  of r a t  l iver  ceils, wh ich  is ev idence  of a n  
increased  r a t e  of ene rgy  m e t a b o l i s m  s. 

ER~EI. a n d  ScoT'r 9, s t u d y i n g  t h e  effects  of s tero id  
h o r m o n e s  u p o n  t he  r a t e s  of r eac t ions  m e d i a t e d  b y  NA1)H,  
showed  t h a t  t e s t o s t e r o n e  a d d e d  to  a r eac t i on  s y s t e m  
c o n t a i n i n g  co r t i cos te rone  b locked  t h e  cor t icos te rone-  
i n h i b i t o r y  effect  on  g l u t a m a t e  d e h y d r o g e n a s e  in beef  
l iver.  JE.wsJ~x a n d  NEUIIARD 10-12 o b t a i n e d  e v i d e n t  inh ib i -  
t o r y  effect  of cor t icos te ro ids  u p o n  t h e  N A D H - c y t o c h r o m e  
c r educ t a se  sys t ems  of h e a r t  sarcosomes.  

W e  h a v e  o b t a i n e d  a s t i m u l a t o r y  ac t ion  of t e s tos te rone ,  
in  low concen t r a t i ons ,  u p o n  t h e  a c t i v i t y  of i so la ted  l iver  
i n i t ochondr i a l  ox ida t i ve  e n z y m e  sys tems.  Th i s  ac t ion  
depends  on  t he  s t r u c t u r e  of a n d r o g e n  used, because  
t e s t o s t e rone  a n d  5 c+andros tane-17  fl-ol-3-one showed  s t im-  
u l a t o r y  effects, b u t  t h e i r  n i t r a t e  es ters  h a d  a n  inverse  
effect. I t  can  be  m e n t i o n e d  t h a t  in  E n z y m e  Nomenc l a -  
t u r e  is we did no t  found  enzym es  w i t h  t he  capac i t y  to  
h y d r o l a s e  a s tero id  n i t r a t e  group.  We be l ieve  t h a t  t h e  
s tero id  n i t r a t e  es ters  ac ted  b y  a m e c h a n i s m  s imi la r  to  

t h e  ac t ion  of cor t icos teroids .  Fo r  t he  s t i m u l a t o r y  ac t ion  
of s te ro id  molecules  a 17 fl-OH a n d  a 3 -ke tone  g roup  is 
necessary.  A double  b o n d  a t  4 5 pos i t ion  d id  no t  in- 
f luence it. B y  i n t r o d u c i n g  a n i t r a t e - g r o u p  in to  17fi- 
posi t ion,  t he  s t i m u l a t o r y  effect  of s te ro id  molecule  de-  
creased s igni f icant ly .  

Rdsumd. Le t e s to s t e rone  e t  la 5a -andros tane-17f l -o l -  
3-one s t i m u l e n t  l ' a e t iv i t6  de la  succ inoxydase  des mi to -  
chondr ies  i n t ac t e s  et  l ' a c t iv i t6  de la  N A D H - c y t o c h r o m e -  
c - r6ductase  des m i t o c h o n d r i e s  ~ m e m b r a n e s  ldsdes, ex-  
t r a i t e s  du  foie du  r a t  b lanc .  Les n i t r a t e s -es t e r s  des m6mes  
st6roi 'des r6du i sen t  l ' a c t iv i td  des deux  enzymes .  
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C h o l i n e  E s t e r a s e  A c t i v i t y  i n  t h e  N e r v o u s  S y s t e m  a n d  t h e  I n n e r v a t e d  O r g a n s  of  t h e  S c o r p i o n ,  Hetero- 
metrus fulvipes 

Var ious  t ypes  of s y n a p t i c  t r a n s m i t t e r s  occur  in  t he  
n e r v o u s  s y s t e m  of a r th ropods ,  especia l ly  t h e  c r u s t aceans  
a n d  insects ,  b u t  too  l i t t le  is k n o w n  a b o u t  t h e m  in a r ach -  
n ids  1, 2. Ace ty l cho l ine  was de t ec t ed  in t h e  n e r v o u s  s y s t e m  
of L imulus  polyphemus 1, 3 a n d  t h e  gangl ia  of t he  spider ,  
Heteropoda regis a n d  2 species of scorpions ,  Buthus euro- 
paeus a n d  Heterometrus maurus 4. Ace ty tcho l ine  es terase  
a c t i v i t y  was d e t e r m i n e d  in t h e  ne r vous  sys tem a n d  t h e  
i n n e r v a t e d  o rgans  of Limulus  polyphemus s. Smal l  
a m o u n t s  of 5 - h y d r o x y t r y p t a m i n e  Were also found  in t he  
ne rvous  t i ssue  of Limulus  s and  t h e  v e n o m  a p p a r a t u s  of 
arachnidsV, s. E x c e p t / o r  these  few s tudies ,  no t  m u c h  is 
k n o w n  a b o u t  t h e  t ranSm;i t ters  in  a rachn ids .  

Ea r l i e r  i nves t i ga t i ons  on  t h e  cen t ra l  ne r vous  sys t em 
of t h e  scorp ion  9 showed  t he  occur rence  of chol ine  es terasc  
(ChE) in t he  v e n t r a l  n e r v e  cord a n d  a d i u r na l  r h y t h m  
in i t s  ac t iv i ty .  Th i s  p r o m p t e d  us to  be l ieve  t h a t  A C h -  
A C h E  s y s t e m  m i g h t  be  p r e v a l e n t  in  t h e  scorp ion  as a 
t r a n s m i t t e r  sys tem.  T he  p r e s e n t  i n v e s t i g a t i o n  was unde r -  
t a k e n  to  t e s t  t he  v a l i d i t y  of t h e  s t a t e m e n t .  

Material and methods. T h e  c o m m o n l y  ava i l ab le  S o u t h  
I n d i a n  scorpion,  Heterometrus /ulvipes, was used d u r i n g  
the  e x p e r i m e n t a t i o n .  T he  chol ine  es te rase  a c t i v i t y  was 
d e t e r m i n e d  us ing  t he  m e t h o d  of Metca l f  1~ w i t h  due  
mod i f i ca t ions  to  su i t  t h e  p r e s en t  mate r ia l .  T he  i n c u b a t i o n  
m i x t u r e  c o n t a i n e d  0.1 ml  of 1% h o m o g e n a t e  (~,V/V) in 
0 . 2 5 M  sucrose  so lu t ion  a n d  1.0 ml  of b u f f e r - s u b s t r a t e  
so lu t ion  (9 vol. of buf fe r  l -  ] vol. of 0 . 0 4 M  ace ty l cho l ine  
chlor ide  solut ion) .  0 :008~V/acetylchol ine  chlor ide  so lu t ion  
was p r e p a r e d  b y  m i x i n g  0.04~V/ ace ty lcho l ine  chlor ide  
a n d  t h e  buf fe r  in  1 : 4  ra t io .  T he  m i x t u r e  was  i n c u b a t e d  
a t  37 ~ for  ~/2 h a n d  t h e  r eac t ion  was  s t opped  b y  a d d i n g  

Table I. Acetylcholine esterase activity in the nervous system of 
the scorpion 

No. Tissue Molar concentration 
of the substrate 
0.004 

1 Brain 992.00 - 1292.00 
(1143.0o =' 121.s0) 

2 Suboesophageal m a s s  1072.00 - 1332.00 
(1222.00 -_' 131.90) 

3 Anterior part of the cord 872.00 - 972.00 
(914.5 r!= 38.00) 

4 Posterior part of the cord 532.00 -- 852.00 
(759.5 ~ 129.oo) 

5 Segmental nerve 752.00 - 972.00 
(889.5:1: 65.20) 

Activity expressed as [xg of ACh hydrolysed/mg wet wt./h. Values 
in parentheses are the average of 8 values :2 S.D. 
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